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(54) LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PURPOSE: To provide a lithium secondary battery with high 
capacity which is excellent in battery characteristics such as 
cycle life, flatness of discharge voltage, and quick charge and 
discharge cycle. 

CONSTITUTION: A lithium secondary battery has a positive 
electrode 4, a negative electrode 6 consisting of a carbonaceous 
material storing and releasing lithium ion, and an nonaqueous 
electrolyte. The carbonaceous material has a spacing d002 of 
face (002) of graphite structure ranging from 0.335 to 0.336nm, 
and a peak intensity ratio (P101/P100) of (101) diffraction peak 
P101 to (100) diffraction peak P100 exceeding 2.2. Further, a 
powder having a ratio of the length La of (a)-axial crystallite to 
the length Lc of (c)-axial crystallite less than 1.5 is used. 




http://www1.ipdljpo.go.jp/PA1/result/detail/main/wAAAa26989DA406318459P5.htm 



02/08/15 



U9)B#H1$mr CJP) 02) & If] i£p =^ Q (A) (ll)^miifiB8#^ 

#H¥6-318459 

(43)&BBB ¥fiK6^(1994)11^15B 



(51)IntCl. 5 IKSlJaS^ JfPiStS#^ FI i£853l*ISBT 

H 0 1 M 4/58 

4/02 D 
10/40 Z 



(21){±!K#^ 


*SIS S P5-229216 


(71)*BA 


000003078 
















(22)ttl®B 


¥^5^(1993) 9 14 B 
















bus 




(31)flBfcfetl$8#4t 


^¥5-48889 






♦W*JU*Jl|i*m*K*l*lJl!2OT 1 #«6 




(32)«5fcB 


¥5(1993)3^106 










(33)«5tlS±!gffl 


B* (J P) 


(72)1 


















* 










aftttJli^flWEBBIS* > 9 -n 








(72)1 


mm 














nmwmm^msL^mM^m i 




















(74)ft3A 







(54) MB9KZM5*:] V*-*A:=Wt?|fc 



(57) [»M 

H7A-?Rmjtel-fct^r, IMBMXJtlfel*. X^IhIStI-J: 
-SmtSWiSro (002) Sa>®HPHd002 A'O. 335 
~0. 3 3 6 nm<7)t5fflf=*y, ( 1 O 1 ) Elffrtf— ? 
P101 t (100) HSrtf— J7P100 Otf— ?3$®lt 
(P101 /P100 ) *<2. 2^. a tt^lSKD^S^ 
(DS$ Laic <tt^lS]ro^a^(73S$ L c (Bit (La/ 
Lc) 5*jS<75t»5)5-C-fcSwt*1#Sti:L-CU 




(2) 



#B8¥ 6-3 1 8459 



ffittBtmnm*. xi&\simfi;\z&z%&m&<» too 

2) E0>ffiralP§dOO2 #0. 335~0. 3 3 6 n m<D 
BHicfcy, (1 0 1) @«rtf-^Pl01 t <1 00) 
Ial»rtf— ? P100 (P101 /P100 ) # 

2. 2£jffi*.. aflS^|fil©Jga^-Og3FLai:c^|S3 
(OtgS^f-rofi* L cOifc (L a/L c) *< 1 . 55fcj8(D 

f»3R-eS5i> c t £4#«i-f -S y ^-7 An;*sa!i„ 

[s*#H2] mmt. m-^^fiszvkm-fote-t 
m&stmnm*. x.&\Eiifi}inz&zm%tmj&o> too 

2) Hl&Tbf— PtfO. 340nmKlTtO. 344~ 
0. 3 7 0 nm<DjEffl£l-S*l5t»3fc-efc£Ci:£4#® 

t-riy^-^A-^ajfe. 

^A^aa&irfciNT, 

(0 0 2) S0>SfB1Pw d 002 A<0. 3 35-0. 3 37 

nmoigHicfey. (ioi) a&re— ^pioi t o 

0 0) @STtf — *J P100 Otf— i?5iStt (P101 /P 

100 ) #2- 2 y^A^a? 

[is*^4] iEffit. y ^a* 
f}iaBt^«3i*. xisisiSfjiict-siisaflijg© (oo 

2) ElSre— ?A<0. 3 3 7 O nmlUTCDSr^b^i: 
O. 3370nmli8x. O. 3 4 0 n mUl"F0>S5H<B 

niaibM t ^e, & * = t £i$fa t -r * y * •> a - #k 

[«W«>iHfl&IJMPi] 

[0001] 

•6. 
[0 0 0 2] 

[ftfcaj&ffi] iS*. JMJ9HMU:L-CU*9A*ai.i 

shTiSy. iE«9»]tl==il1b7>#> (Mn02 ) . 
37-y<b«K* [ (CF2 ) n 1 . «Mt**=A- (SOC I 
2 ) **JHl*fc-*«»l*. Kl=«£, *lt«>«HP> 

[0 0 0 3] jfi*. VTR, afi«»ftif'a)# 



[0004] y^A-^mfti*. ©sic y^Aiffl 

L\ BfBjatLTBtK^aeuv (PC) . i. 2-v 
> h+vU > (DME) . r-?fa5* h> (r- 

BL) , Th7tKD77> (THF) m<D#fr»Vt+ 
CL i C I O4 , L i B F4, LiAsF6*©Uf7 

««H$m\ SfejESSHMUL-CliSfcT i S2 . 
M0S2 , V2 05 , V6 Oi3 % Mn02 SpOy^A 
£ (DIBIT h/K^r5*^UJR(Bf -51b#1»*ffl^-Swi:A<W 

■&-£1xx^i>o 

[0 0 0 5] L^LJSA<P>. -t&Lfcy^A-^Kail 
till) *<fil^fc*>Tfc-&. ZOTIBHI*. *«©y*^Afc 

l^7ka»j« <t <osj£ i= £ & y ^ -5 a<b &ibi- «fc -5 1 c: 

A<^:#^<t:#K.P)tT.r^-5„ ft«B#l=y^ 
A-r^->t LTlMcSWjfc+lcfcWLfcy^AI*, 2fc 

Ktt (»««) ^/JxSttlcy^t7AA<«f*L, * 

a. 

[0006] c:o*-5^ci:*Nf,, y^Aziaswafeic 
tB*&**i« *a& lt y ^oaskss • Kttu-r-sm^ 

KM. flX.fi=i-9X. lUJii&Jdctt;. JKXttflL 

[0 0 0 7] tMBM*X4ll€«t;ftai*. **Kaa>4> 

» I c y ^ ^ A -< yf > a< m a y -r 5 c 1 1 = * y 3tfll K * fr 

ai=i**4asK»flnso*aufca*K»«fflt^i>j& 
L3b^L*A<&. a«e<b«>aAyKg*ea*» 

<^f-s. fc*fc*-tM$^A<a£M=tti*«*K«ja> 
tta«afc*t^i*«4i«a*<aih., ufjAMitiij 

[0 0 0 8] *fc. Hta^(-fc^T-f-©!»3|5l*»)t« 

x&ztz#>. y^-7A-r^-i/<7)jfA-r-5a»ea^a>c 



(3) 



^6-3 1 8 4 5 9 



mo i ) T^^-jm&smmvzttfrvtzo 
tooo9] sf,i:. %$Mta>mAjt£Btmmm-}$^r 

t&u a nisi® l -c i^-„ 
[ooio] mia<bsroe^3-^^-v>a^«*t 

[ 0 O 1 1 ] ftjfc, SggBS 62-268058f, ftM 
f2-82466f. #B8^p4-6 1 7 4 7f, ^BB^F 
4-1 1 5458f. ^¥4-1 84862t. 
W-4- 1 9 0 5 5 7#3§:(zBa;K£;h.Tl^-£J:-5i::II<9a> 

atmib^i^miBibiftcDSieita^MtaiL. saints** 

17 0f. ftgfl¥4 - 82 1 7 U"Cfflt\ 
[0 0 12] 

«Tf3tstS3a^. im^u**. stasE©^at±. it 

[0 0 13] 

[gS£»*-r*fctoo¥fs;&tffisffl] *^wi-«+>i> 

SflCji-SlilBajKO (0 0 2) @<0®RS)NfidOO2 #0. 
335-0. 3 3 6 nm(Olll:ft^ ( 1 O 1 ) @#f 

tf— *pioi £ doo) Bfift 0 — 7 pioo otf— 

Jgtb (P101 /PIOO ) *<2. 2SSA. ^OattTjlS] 
<D^$ L a i: c^73(ai<Dfi* L oOit (La/Lc) *>< 
1. 5*;1l<Dt»3)5-C&-5Ci:^ISi:-r* ; t.0>-C?&-5. 

[0014] **Hr=fffr«JMe | J?4A:z*aaf±. 
iEffit. 'j ^ a -< tettrt-zBtmnmfr* 

(0 O 2) EST bf— ' 7A<0. 3 4 O nmlilTi: 0. 34 
4-0. 3 7 O nm<Dftmtizmfrh®3ZX'fo&Zk£ 

[00 1 5] ^S&fPJI-Sfr-S $ <b l-53'J0) 'J ^ A=?K* 

jfeii. iEffit. y^oA^*>£iftitt-i&as-fS9t3&Jt 



£&%®mm<D (0 0 2) ffi(7>BIHlRid002 #0. 3 3 
5-0. 33 7nm(0lil:& l J. (10 1) Efcrbf— 
*P101 t (100) BBrbf— 9P100 0>bf— 73iJ£±b 
(P101 /P100 ) *<2. 2 -5 

[0 0 16] **^l-«t>**e,l-»J0> , J5 1 '7A-^S 

jfcli. lEtt*:. y ^a-t acta-*- -satsstH 

«it<0 (0 0 2) Emtf-^O. 3370nmHTffl 
H«Mb1&fcO. 3 3 7 O n m£@*., O. 3 40 nmlil 
T(D«3ffl0>SMaibB5 1 fr£ •& C £: £1$St ttStCt 

[0 0 17] JUT, &§&BRl~ffit>&'J TO-L—XUft 
*l.rL^S„ l|ilSBmSP3li. JEffi4, -b/^U— $S%.XJ- 

[0 0 18] 1 rtlcl±. a»fSA<nxs**i-c^ 

*o *^spA<B8P**tfc*6««t7ii, fiiasis 1 mom 

8ES«8E3OT.t*fr«S£:h.-CU£„ ^«itn«8l±. 

SPWjfi^rtfi'Ji-A^LtoJiPX-r'Scticj: yBiilB»a«8 

fIle^^tit□S8(7>4>*l-l*«^$^^•ct^•5 < , jEau— 
ki o<7>-^(*, fit5iEffi4ic, mmtmtZiEm^Q 

[oo i 9] «riH§l&n±. w^t«XT L >u^* , 'C)f^e> 

[0 0 2 0] WffiiEffijS«JMt LXI*. a^O^bt). 
'J^tyA^^-y^yu^b^l, Uf7A**3/<AHt 

frtt. 'j^A#*r-?$-;ua/<;uh«<b«i. 'J^-^a 
$^tv^i"7AK<b^-V>> "Wb^^v. -flS^b^E'J 
-3=r\,tiEoii ;u= y ><b^«5/«cif *^if ^ c t *<-e^ 

■So *-C-£, 'Jf7i»3/^ KK<b«J (LiCoO 

2 ) , *)=?< l ?L.-V>r)\,mt1fa (L i N i 02 ) . 'J^ 

•7A"7>*f>K<bia (L i Mn2 O4 , L i M n 02 ) 

[002 1] KFlB3ima(i: Ltlt «^«r4z^U>^ 



(4) 



^^6-3 1 8 4 5 9 



f U> (PTFE) . #>J 7vitt£— 'J-r> (PVD 
E) , x^U>-^a tf U>- vx>*m^<* (EPD 
M) . vX>zfA (SBR) 3¥£ffll^-l> 

[0022] mt&iEmjsmn. mwms£if&mm<r>& 

£»£!*, Effi5i&tlH8 0~9 5ll%< j»m»j3~2 
Oll%. «S3SSij2~7a*%a)iEHI--rSCi:A<« ; * 

[0 0 2 3] SiJ!3**i*i: LTf*. mtfT^US 

[0 0 2 4] fl!TiBmffi6(±. TIB (1) ~ (4) l-ifcUJl 
(DLa. d002 « L cfcJ:i;^Sii: (P101 /P100 ) 

a>;HS. s&i*. away 

[0 0 2 5] (a) x«B*asl=J:*aiJfc©T-$l*± 
Lfc. La. d002 . L cltS-Eltfrfcf— XDiiB. Xtf 

mi^tzo 

[0026] (b) a&fifttomik+O&Zi-atS&V 

(c) X«la]3rfcl=«fc.6 (10 1) lalSre— 5-P101 t 
(10 0) HJSrt: — 9 PlOO <Bfi&i± (P101 /P 
100) ti±, **i.e>e-?<D&$tfcfr£#tf>fct,(D-c*fc 

•5. 

[0 0 2 7] (1) «ft^H«J 

zastmnmts xm®ms£iz&z%&im&<D (oo 

2) SBOSfaPS d 002 **0. 3 3 5~0. 336nmffl 

«SBi-&y, d o 1 ) Emtr— ?pioi t dooi 
(iSTif— ? pioo rotf-^sajtit (P101 /pioo ) 

2. 2 £18*. attTslSlOSgBi^ajg* L a t cfB73(S] 
©USS^-©^ L cOJt (La/Lo) A< 1 . 55fci3SCD 

[0028] ftGftXMiNi. xa@sa(z«fey»e,*i 

£ (0 0 2) ®<7)^®rapgd 002^0. 3 3 5~0. 

tt<tt«. 

[0029] HEilStk (P101 /pioo ) *<2. 2S 



w-ci*sa©iST^e-ro crotjo, i(rexttia9r&i:: 

«fe -5 a <*73 iSiro^S^OSS Lai: C$S73 ftCDfSg^-© 

*y, fliE/W u- KD^jSft*ft#-e©s*(»«T«ii 

aHB*yifffiLa$S<, fII2Lc£g<-ri.CtlCj: 

y. y^-5»A-<?(->ro»A ■ SttttS(S*R»i=fT3ci 

y, /Wls-hO>%ttBft1t-CX&B«««C&«<-C# 
[0 0 3 0] «TlE»*JI«!ll*. X«EI«tI=J:V«&*1« 

dio) a<Dm»re-'>i=<fc£m«}*it<Batt;*ia]a> 

JSa^OSSLaA^O-l OOnm. «fcy»*L<l* 
H«KD»IS«itr=feM+*attB(»»ttl*S^»-eft*C 
[003 1] S5SSL aft(1!ftE&BAi::fe-&tt£R1i9l*. 

«HB»jeA<ii«i=*aLTfcy. »?«i?odttn 
ros^tfjgjt-efe-sfcto. y^A-r^tfrtfMHBB 

y h*<*<fcy. y^^A-f^->*<j:y*<i» 

[0032] I5SH L a A< 1 OOnmMxfcStllSl 

i±. g*tsafcj&y. y^A-f*>a<*»iHiiBa>H 
■•MtftLttosty. yy>A-f ami*** 

BftLJBKfc-5. *fc. **JM§f=*tL? 

E L a A< 2 O n m£3!0ft%S&(*%ifittifift<£%jS0 

^->a)Aftfflfflji©»ia^©praewnf»iK • 

l^0>l::4:&38:h./i<fe&. 

[oo 3 3] itriBa^s^i*. x«iasfssi=«j:y»€>*i 

£c$a73A©*£&^©*£* L cA<1 5 nmJJLt. «fc y 
»£L<(±20~1 00 nmi;ft6Ci)b<ISlU„ d 
fl> * 5 MIA L e (IrtiKXRftlt. JMSfcittf® 

Bissau y^^A-f*>A<^<Rrffiwi=?aiK-tttij 
**i£i±R£^-r. 

[0034] mnmmnm$mi$.+ ^^mmtumm 

T&0)ttm<r>Rl§.kLX[*. T)H^\s—*f (SSS5 1 
4. 5nm) ^jt^i: LrjfflS*tvfciKiilJl«)0)5^> 

T>X^<^ h;U-l*. 1 3 6 0 cm-lttjfilzStl-Saii 
If—* t. 1 580cm-lMlca^ 

*©tr-^»at 

J±. rtt^*«E7;u^i/u— tfvv^x^* (ft 

§5 14. 5 nm) irfclfi 1 5 8 O cm-1(»lf— 
JB (R2) l-^-T-51 3 60cm-l©tf-7afi (R 

D <7>j* (R1/R2) o. 2UTo>mmny» 

[O0 3 5] tlTEMJRKttl*. mt9^b®*^-fRJSt?ib 



(5) 



1 8 4 5 9 



&n®mt><2. 20g/cm3 ia±1?&4Ci:A<»*L 

i*. m&Btmntoi*. mmftm* 1 ~ 1 o o u ™o>mm 

|C9 0tt:«%Jil±A<SSL. ^-D¥£)*ig7i< 1 ~ 8 0 u 
mV&&Z.tW£L^o N2 ^ttfflBET 

j£lZ«fc<SJ±g®«;!><0. 1 -4 Orr.2 /gTfe5:i*< 

[0 0 3 6] atiRK^I*. «5S0)^*4A<1 0 O O p p 
miUT (OppmStt) T? fe -5 Cfc Ll^ CO 

[0037] %fiim&tfs>z&m&&Ltz$tmRteizt$ 

t^ri*. fi&St<7)£*rfi£ 1 O O O p pmlilT (O p pm 

<fc -5. #*38Jft«>#JfM3 «fc tfS*I&(S<DPIS $ *t * 

-f-fljy^OAttPiiasw^iiaiK-atai 

[0 0 3 8] fi58EKSSH1«5*ff)-€-<OffeO>T$e!|a<!: I, "CIS 

mm. 'r^m. *fcttF 9< n i ttko&mTtm 

I*. »IfifetEfBy'>'fet^Ci:A<»*L^o JM*WI-I*. & 
3R<D-^^r*l± 5 O O p p mfelT, g*«D#*r*(i, 1 0 
O O p p mJJlT, Fe, Ni ^&JB7c35ll±-?-;h.-£;H 
5 0 p p miaT-efe-5 Lt^. Cft^OT^SMfc 



[0039] tut&stmnmo^ysmn-m^xizmM 

y«jf ftrf><2 0O~30O(i m<Z>&8Ut£iia* 

LfcS, *»<bLTt»#<bT?#£iI&l::R3R<b-t£. c 
a>ssjR<bosft«aai* H 6oo~2ooot, »*u<i* 

8 0 0-1 500 ,, C-C*ff-5CtA<M*Lt^ ffJ8B£i!Hb 
L > V 37 x -X tf -y ^ £K*«*t(D X JgHSrJi l= «fc £ 
(00 2) ffi<©ffiraPSd002 I*. 0. 34 4nmia±, 
J:y»*L<l*0. 3 5 7 nmei-tT?&.SCi:jf><M*L 

U 15IB®raiad0O2 #0. 3 4 4 n m5feiS<7>ft^«*t 
S»»l*iA<^i:TI8«tS^S<-r*c:i: 

fc»m»l«t$ 20 0 0°CW±, <ty>f*L<l±2 5 00 
~ 3 2 O O °CT-m&it? £ z t l=«fc y Mi* L feftatSCta 
cose, HiiiEtaft. eifiExs*<ffi«)ras 

jajstc^ra (2o^ramrt) t»#ti>c: tic *y*R. 

Stt. ^a-v^tt. RtttttLfctro^l^^b-r^ci 
7b<#£L.^„ Hl^b«!HDiBa«3gl-S®«:a^$ 
3 O %lU.tirk f> ^{^^.^<t d l-f -5^A<$> 

*o Ctil*. t»»i-j:yA^moiii8«ji^<-rH. 

Cii:<ty. 0~3 0{*a%lc-r-5ci:A<i?*L^o C 
[0 0 4 0] fliriH^;i-r?Kit$ti-&KIR^a>H?lEL a 

[oo4i] mttyj&x-stmn®z9!i&?z>tmz\t. & 
a>nx^stm^o^m^s *tmmm<mftLtzmztj: 
z&oiz-rzzttfm&LiK mtzstmnrnt. mr^u 
ttmz£v®t>tizto>o>m. •gdjLi*«fisn(oe;4e 

ff:li/«W>V7i-XS2 5 00-3 2 O 0°CT?|S 

[0 0 4 2] «tfc\ mi2*Siatel±ffII5Siatt:S3gi: A 
^Smrotb^*x«laiSf^icj:§ (101) 0«rtf— 9 
COtbA^O. 6lilTT?JfiST?#-6„ C(0J:-5*ib^<©M® 

[0043] (2) stmnto 

zoi&mnmt. x&®mm\z&zmtom&<D (oo 

2) IsJ&rtf— 9A<0. 3 4 O nmlilTtO. 3 44~ 
O. 3 7 O nm<75fiSffli:l=iS*l-5t»5ST?$>i. 0 

[0044] mttBtmnmt. (002) lasre— 

O. 3 40 nmliiT<D«5ffllrfe.&g*fc|[«BSSS (a^ 
^(SKDff* L a*<2 O nmJU±) $>&£HtV!>k (O 



(6) 



6-3 1 8459 



0 2) IsUfibf— 9tfO. 344~0. 370nm©IEl 

©iMBisaavhsi* (i_ c a<6 nmjaT) nnmt^^ 

fc<S§«£*tft^£>C£A<iirf|6<tfc-I>„ &%<D (OO 
2) [slSrtf— 9*<0. 3 56-0. 3 7 OCOtiSH-efc^) 

[0 0 4 5] ttJfe-eii. (0 0 2) EUre-^A^O. 3 

4 O n mElT<D«SHO|frK»la^!K!lA^f>^^*fia■CI*gl 

•5, (0 0 2) Islflfe— &A<0. 344-0. 37 

O n m<D«5ffll-fe-5IiISHKSfM%li. Rffigtf 1.70 

-2. 1 5/cm3 x-$>&tzit>mt£.mmtttoH-Vc<<ib* 

<, ^«C0mi4t*:«afcyO§a (mAh/orr.3 ) |* 
* $ < fe * £ =ff L T I* Z . 

[0 0 4 6] COJ^feFnlSI/iifc&S-f *fSE 

(ofiffis«fit-r^K*siiai±. sutsft&stf-rsiittMb 

it. %.n%LX-<D&&ftn (2mA/cm2 JJLt) ftlCli 
£IC (0 O 2) USrtf— ?A<0. 344-0. 370n 

AJW. CO^OU^OA-r^-XDSfiSjciSSli (OO 
2) |H]tfre-$ji<0. 3 4 O n m&TroHiBlblfcllCtb-t 

Bf-gjy&b-sisii, ±i= (002) @8rtr— ywo. 
3 4 o nrnJUTro^r^airu^^A-r^^s^wi: 

[0047] m&.m.mm.mt lxh. wxiixsassHi 

lZ&&m%im&<D (0 0 2) @«fe— ' >A<0. 340n 
mJilTtO. 344-0. 3 7 O nmroSSHi: 1=^*1.-5 

£ffiHt&<b1$!K (0 0 2) lel&rbf— 57A<0. 3 4 

0 nmlUTa>Hf£"lb1$3i: (0 0 2) gmtf— ?A<0. 3 
44nm~0. 3 7 O n mOffiBK&J&fiHbl&K&il^fli:* 

[0048] ffii&&tam&<t®tLxi*. m?u£# , j& 
ibt'-y 7iy-;u8}8i, 7;i<77-^»l, * 

5 0 0-300 0°C(Di&1g.X'*i$}-tj;mtMt$:?r^X& 

^-(-^•5cti=«fcy, nts^bro^fc* (002) g) 
mtf—ttfo. 3 4 o nmiyTroffitur^baXSO'' (o 

0 2) Stfrtr— CrtfO. 344nm~0. 3 7 O n m© 
[0 0 4 9] 1Si!KM£#<D-1jOl£XX&ZmSMttob 

Lxn. maim®. m7j&t?v?%kBimvm. 

3Slff>*t3„ flillE/StfMb&l*. ttg®«A<0. 5-1 O 



m2 /goasfflic&^nffi, > v?*-xt£v*m&tm 

[0 0 5 0] lflfES£{*(&tts:fr<&j£ttr&£&i!Hb&<k 

lti±, mximmn^ (2000 P P muiT) . e 

S3K#*T (1 0 0 0 pmmlilT) (Da-fX, S$B£^ 
ftKltt, ib*®»^2~3 0m2 / g <X)«iH|-fe4^fiE 

7i-xw(t, ffi«ESl^^ro=i-^xA<<fcys?*L 

t*. l->T*MJ>mttBtMityi$s 6 0 0-1 2OO O C0>«3 
(St. -vTM UZO*®.1toS:<&<tZ>ZLttfmmx 

fc-s. cofctoJi^-eab-ssae-v^. ^V7i-xe 
-r 

[00 5 1 ] o) etmmm 
Siftt-r-siita^-e. xfgiHitf&ic^igfs-stitro 

(O O 2) ffi<DSRSIBicl002 #0. 335 — 0. 337 

nm<oasaic&y. (101) @&Ttr-?Pioi t a 
oo) asTt*— > pioo 0>fcf-?8jsj± (P101 /p 

100 ) *<2. 2$ajt^14*$Wr<i>o 

[oo 5 2] MiEgs^M^ii*, xMHtt&rcj:ij«&;ii 

-S (0 0 2) ®<D¥J$HFb1BI d 002*^0 3 3 5-0. 
33 7 nm-Cfc§. C<0<fc ? feflt^S8j(±. y^A-T 

h*<*<fey. §si±it*-f&, 

[O O 5 3] MIESiStb (Pioi /PlOO ) * <2 - 2* 

(©fSS^tflg* L c(Dtb (L a/L c) $ 1 . 5*3Si: 

T$(HlSLfcllHa^b«!l^l§Sc:i:A<T?#4„ -Tfe^^. 
«t3lE<DmiSJ:yfUEL a £$S<. mllEL c 

ti=j:y. y^t7A-f^->(7)»A • KHtsjs$n»i;fT 
[0054] mt&stmsmit. *oBm<7ay?#.. 



(7) 



&ffl¥-6-3 1 8 4 5 9 



E«tt«tl*. fltltA&ttftSOJt («ltfi/tt«tS) 
*<0. 5~100>t6ffl-e. *Sa^<7>Kia]tt*<8K6»rIil- 

* = fc*<»*L-i\, MEJ*tt£l±, SgtSSOTtk (fi 
g/SSg) *<1 ~2©IEfflO^«:-C% fSa^OTffilSJtttf 

— : 7l!-efe-&::i:;6<#g:Ll, , >. C<DJ: -5ft:7"n -y^tfu 
«M#£fcl*3*#£%^5&XX!|$!)l;J:. fTiHctfi^lPlO 

3tJ»X&ttT?S§X<B^&X;t!!£#SC£A<^fl6l::ft 

•y * * ^f- ^ S T? fc 5 atfitt * fc l*£M* £ *T * 0SXX 
fttt. ME c**n(»»aiiil«*-a*# = 

CO 0 5 5] MEgtXX&l*. X*HtTtt«=J:y»&*t 
-5(110) ®<D@Sftf— ^7|-J:SIR«i«iit<7>a||ll7?iai 
O^S^roSS LaA<20~1 OOnm, <fcy#*L< 
Ii4 0-8 0 nm-efe-5;:i:jb<M*Ll^ MEeS 
XX&roafBa&lcfclt-S a W®<0»ttl*fi^»-Cfc4 

[0 0 5 6] MELa#MEfElll*!(=&-&XXX«!ltt, 

«n&«jt*<BJSi=*aLTi3y, *oaa?a>«ti«ffl 

a>arai::«;ttLS<fty, y^A-rtf-xoaiA 
yt«*-f h*<£<fty, y ^ -5 A-r y*<ia 
ss • »t±i-c#£i4X£^-r. 

[0 0 5 7] MEL a#1 O 0 n m£«*.fcXXX«! 

it. Hxaa&tty. 'jf7A-ft>*«AS«iiiffli 

IB^«*L«<<ty. y*--*A-f*><7>i&K-ttHi*A< 
«t«LX<ft*. *fc. *©aBI*. LT 

aa-cay. R?s»*<a7c«-»L-v>-r<JS*. m 

EL aA<2 0 nm*«<D&XX&liat&a;fi*<*Sea(7> 
KXXajWR*X*+i::X<a«*-*fc». Uf7A-f 
*>(DAaiHa»(D»ra^<BWi£MftiRiK • JtttUA^ft 
UtaM-ftSStfttffe-So 
[0 0 5 8]«lffiS*I» X«Ill«TjSI=<fcy»C>*l 

5c«i»is)(Dga^ffl*ssLc)!i<i 5nmia±, <t y 

fff L<IJ2 5~2 0 0nm-e*5Ct)l<af Ll^. C 

<D «fc 5 ftXffl© L c ex-j-sttaxaii. xta«&*<a 

$*t*i4X£*-f. 

[0 0 5 9] 1TEM*X*B «att*a£XJMI 
jg(Dit^<DR)Si: LTIi, 7^=T>U— V (SI51 
4. 5nm) ^St LTaUt^ftfeXXXBsro^ W 
h;u*<fc-5. MEXXX«ll=oi%-CSJX**i.*7 
-y^x*? h/url±, 1 3 6 o cm-lft-jftl-iKft&SUS 
»JfilCffiSE-r-6e— 1 5 8 0 cm-ltfjfiKSitl-S 

sis«isic**-r*e-^^#«E-r*„ *©e-*aa 



S5 14. 5 nm) l-fcl+i> 1 5 8 0 cm-'©e— ^3t 
JS (R2) l=St^1 3 60cm-1roe— (R 

D roifc (ri/r2) a***, o. 2j*iTa>xxxi& 
[0 0 6 0] aeXXKftli. fHa<bS**-r/?«Tf* 

5Xffi£A<2. 2 0g/cm3ia±1!*iCt*«ff«L 
f. MEffiXX^f*, ttfi»*A<l ~ 1 0 0 */m<D«5H 
I- 9 0 <*fll%fcA-t L . A^oipiSttS A< l-80/i 
m-C?fc-5C£)!><W*Ll^ 3=fc. N2 #*IRXCDBET 
j£l::J:-5itX55»a<0. 1-1 0m2 / s -Qth%>Zktfi 
ftSLLV, C<D«fc?ft:&j£tt^fcJ:tfJ±Xa»£:rr.5 
jfcXXtti*. xao%*&ft£ffl-t-e#«&n*r::. # 

*fcl**Jta«»©«****J>*1*. ****oaX£' 

T©ai»**a*Mln= J3^T 5 *«%JUT^t:KXX 
ft l*aaaaaaa>X:h.fe Sfltlfc 3 L M2XXSXX 

ftXX*axx*<£ < ft -r>-c?t!«roii7c»»A<ec: y a 

[006 1] KXXftli, ttt(0t«§^ 1 0 0 0 p p 
mJUT (OppmS^fc) T*fe-5Ct7!)<»*LtNo Z0> 

>0«a ■ ltttiiX*»to*;h£fc#l=2M<SX«>a7c# 

flwaasti*. 

[0062] af&*a*<**««#eaLfc0s*x«8i=fc 

fiftX(D^WX* 1 OOOppmKiT (Oppm 

**t?) a>ffii*ffii=-f*£, iiia«&<&*B8;!><'>ft < . 

ttXJ: Lrlftilffli*i*«±Ci:< < . tfl)±'J« 

crofctf>, y A-^s?fero§x. fcttxas*. at/ 

aipj^A**>tax*fci*axte£fti©£isi= 
* -s a *?s«t<©»» as * cxaasfcoaxAtfia * *t.5 

Cl4:A<-e*S<, o*y, jKXX«J*<©«X4:y^'>A-r' 
^->A<S(5Lfc«^, L i S-3?<DSSftS^, L i S 

9p<D^b*«8*^^. -toy^^Aii^rawftaa-snffl 

S(5lcS-^Lft<ft.54:#x.f>4xi>. *fc, ±tfcftX 

^AftiWSBraoisisiatfty, y^^A-TTt-xo, 
i*. aa«aaatf-9"f9»»acaT««a. 

[0 0 6 3] MEKXXISl^xD-t-OttOD^ttiat LTK 
X. XX, Wi, SfcttFe, N i ftt*(0^X7cX 

i*. RraftHy^ftL^ci*<»*Lt^. x#wi=i*, a 
xro^*xi*5 o 6 P pmjaT, ax©x*rxi*, 10 



(8) 
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50ppm«Tf&§^tA«»*L^. CftC>«H=$M& 

tt if t><%m $ ft* c t znm-t a . 

[0 0 6 4] mJlH9{SH«!l<0liiig^<0-ei|^^l-ittB^ 
-SK J: y«*tg*<2 O 0~ 3 O O U m<7)3S«^$Sfi* 

L, SS«l-^F»1b-r-5)Ci:A<||SLL> 0 ffJ8E«fci!Hb<7)i!& 
fflSI*. 600~2000°C, fff L<l±BOO~1 5 
0 0tTM7 5;i£A<S*L^„ ItrffiKfftlbLfc* V7i 
-Xe-y^£&ig«*i©X$g@ffr5±l-«fc-l> (O0 2) ffi 
<OSPa1B!d002 0. 34 4nm«i, <ty#£L.< 
1*0. 3 5 7 nmJ*Ut-efe*C<t*<M*L^„ w<0«fc-5 

Rl d 002 *< O . 344n m*aO«IMtltfit&ft' * ft *> 

fc, «»lft*<±i:T«WtiB*S<-r-5Ct*<fflltl=«: 
ft. orSlvc. «TGft*1b. t»»«aSSJSLf-SjR««t 
?200 0°Clil±. J: y Sf * L<l±2500~3200 

"cT-mta^b-r ictwymai tzmms® zmfe-r 

ft. Cfl)(S. SrfBt»». tbKXltfflAtllTtU. 

m (2onnun) t9»f4ctr=«fey««, 

tt, ««ltti:Lfc=t,a>sii«B<b-r*cfc*<«&s-e&*. 

B*Sl::KB{*axe**-«IM*<3 0%ia-tfcfc<bfc 
l*J:3l=-*-««MWfc4. Cftl*. y 7X73 fi» 

©mr>}«itA<<-rft, £s**i6A<ra»i£*ftftfctf>-efc 
ft*<. aflEi=«H»-*-*cti=*y» o~3 ot*»%i--r 

[0 0 6 5] ffTG£ftT!S&£ftftttXft*0ttrGL. a 
4:Lc<Dtti3<fctflSa8USf*. t&»*# (*H*B*fH. I? 
HSL »»*) Sa^f*ci:l=«fcya>hD-;uf -6 
C.tA<T?£ft. 

[0066] itG£ft7*M*K«i«S&-rftlBi=i*. ft 
e»ft-sK^M^<»!ejs»fli. tbaffiWA^stLfcfflizJS 

fc73jfeicj:y#e>ft*t,«)<©fi. ««itis<sfi!tiioc;ae 

3-;U*-;i,fc££JfH£LT»&ftfc=i-* 
> y7i-X*»ft:*fcii/Oi/» V7i-X$2 

50 0-3 2 OO'C^Stfa-lb-f ftCfclCjzyftftCttf 

[0 0 6 7] fIfBK*MfeliHtlSBS®<*^mi:A 
£a$a>tt;*£x||l5l*r9cf=J:ft (10 1) ElSft: — £ 



a>jt*<o. 6iaT-e*g£-e#ft. -<BJ:?fcH:^<D£® 
ft jfcsRsti&i*. 

[0 0 6 8] (4) ftftftft 
ccDjtftSfcfffcili, xftlilft&i::j:ftjMB«|jftO (0 0 
2) SSftf— >*<0. 3 3 7 O nmfelTfl>mJB<b1fti: 
O. 33 7 0nmS«X. O. 3 4 0 n mJUTOIEHO 

8MB<b«i4:^e>fcft. 

[0069] m&8tmnmt. (002) ewe-** 

O. 3 3 7 O nmJUTroKffllC&ftE^fcllfiilS.gi (a 
»73lS]0>J5£LaAt4Onml»Lt) ^SSlf&itlfti: 
(002) ElSf tf— ?A<0. 3 3 7 O nm£jffi*., O. 
3 4 O n mJaT<D«5H<7>ll«a^&Otbl£6<J/h£ ( L a 
A<4 0nmJJlT) (T>lllf^b1&.hA^fcoT^ftfc4&. ^ 

raVCUSlvCtlM * ju£1b*<d>tt < iS#*$«t»-r 
ftc&tf^tt£ttft. «*a>IMB<bftl±. (0 0 2) m 

Wbf— ^7*<0. 33 7 0-0. 3 3 8 O nmOSSH^fe 
[0070] (O O 2) lUSTtf— ^A<0. 3370nm 

i=£ivc-9-<r 9;u£<b*<** < < fcft. *fc 

(O O 2) H^Ttf— £A<0. 337 0 nm£&jL. O. 

3 4 O n m<DS5ffl(Zfc ft Stated £fc ft m«l±§Srf>< 
200-280 mAh/cm3 <t flESSS^bfellCit^-C 

[0071] =©*5<tWMjs*a»Tr*fc». 
o>nm*miKf wG»«**-r*2a» 

A J^ftCitfnlGirfcofc. Cftl*, £«9K 
-C<D&j£3fcS (2mA/cm2 JJl±.) ^l-l±±l- (0 0 
2) HUrtf— 5>A<0. 3370nm$i8x, O. 3 40 

n mWTroiSHi-fcftjiiasssi:: y 

MI-#A£ftft. C©^(Dy^OA-f^->rol£iitiagl± 
(00 2) E&Tfcf— >A<0. 3 3 7 O n mJilTroH^b 

ttictb^i^icaufctoftajta^pruiTjfc*. $ &i= 

je«E*«l=«y»fc>*B*l*. ±1= (0 0 2) SSrtf- 
•>A<0. 3 3 7 O nmJUTrolllSiiaaicy^^A-f^-^ 

d&y^^A-f^-xDa^MJSjfAJEtBicjiy, 

[0 0 7 2] ffrKKXH^t LTI*. «*tfx«@»fS 
UJ:*ll4a«jfiO (0 0 2) ®»ftr-^A«0. 33 7 0 
nm&LT<r>mtQit%!tO. 33 70nmSS^ t O. 3 

4 0 nmJUTa>mo«fi1btt&fr&«frttAfi1bft. 

(0 0 2) SSre— ^A<0. 3370nmiaT© 
Jtttflstt^ (0 0 2) 9*<0. 33 7 0nmS 

iffijt. O. 3 40nmJilTOiSHOSfa^b!fe|(0;l^(*S 

[0 0 7 3] StrlB^ffla»<b«li:L-CI±. flAtfiKUtt 



ite-'jT^ yis-jvmm* 7j\,y?-ji>mms * 

5 O 0~3 0 0 O'CO^mX'^-U^it^fT'sX^ 

^^-ictr-5cti=j:y, n«aib<7)jtA/« (002) m 

mtf-ttfO. 3 3 7 O nmJilT<7)ffli:*^ba>ia^ 
(0 0 2) lUSte— £#0. 3 3 7 O nm£ffijU O. 
3 4 O n mlUTcDlEfflcDtB L tz *><D C fc 

[0 0 7 4] liItB;l^«:a>-^<D/a»-efe-i> (0 0 2) 
®»Ttf— 5>A<0. 3 3 7 O nmiaTa>*«Mb!t3a£: Lt 
I*, «*.liHt&, 2300-3 20 0°CX'%£>ilLtzm 

ttmmm<2~i o m 2 / g -c-, ~ 

3 0 0m<75S5Blc&£IMa. ^V7i-Xe'yfMS 
86*t0>t»3K. * V:7x-X/H*«:A<J:y#£l,U„ 
[0 0 7 5] litti2;I£t*rote75COfi£#-C-$).& (O O 2) 
ElSTtf— J7A<0. 3370nm^gjt. O. 340nm 
lUTOtSiBOIiSa^irLTI*, 0HAlS«8tft#*r (2 
O O 0 p p mJilT) s (1 O O O p mm Jil 

t) i§!sesM7Jtte-y^^s^at*t, 
mt><mi*ixz. mmmtmtmt. ~i o 

m2 /gtDSSffllc&i^jfcfc?^ (:>- 7 * U >&,£:) * 
H*4fr-5i@l*«iSa)t»3S. SiH8JS> V5i- 

&ffin&2 3 0 0~3 0 0 0°CCD«5Hro;aiS-C'^fig-t--5 

[0 0 7 6] mlffi (0 0 2) Emtf-^tfO. 33 7 0 
n mJJlT(7J^iaft«!l<7>;l^maib^l*. 5-30 1£% 
Ic-T^CtAt^Lt^ flirK;1£S«tb^A<3 0M% 

ie;i^a«tb*$ 5a«%*iaic-r4 taift^M^teT 

[0 0 7 7] S5IE (1) - (4) t?ffl4MLfcK*H4a* 
*t?**6l*. m<*MI-l*^(0«fc5tf73jil=J:y^Sf$ 

o&mtozmmmzmni. ^Lxn^mz-r^^tiz 
«i:ystr85iEffisffij-r* 0 

[0 0 7 8] MiESSS?R|t U-Cf*. mz.tttf'JT*'?? 

WOIfU> (PTFE) . tiUJ-Pvittf—'J-TU 
(PVOF) . lfU>-7"DeU>-;i>*IS» 
( E P DM) , l/>-^yl>iA (SBR) » 

a;U7|**$/>^Hr;uo— X (CMC) «£ffll^«C& 

[0079] fiE9t*H«!i*5cki/easiiroiB^»l#i±. 

9 0 - 9 8 S*%. *S»S«2~1 OS*%0)|5H 



HM¥6-3 18 4 5 9 
f^SLfcttJ8-t?5~2 0mg/cm2 CDB5B-f £ C i: A< 

[0080] frisnss^i: un±, mz.\mm. 
[0081] «e**stt£ l-ci±. u?4a=**& 

<Dm&kLXQ:*ao>immt&£m^ZZLttfX<£. 1*1= 
fS^I**H<fL^<, X^U>73-7t?*- h (EC) 

iex^u^*-**- h«fcy<sst^-ej5yao k-t— « 

*<1 8iaTrfe£iafel±0>2M<;88l (JUTm2Jg«Ei: 

<7)il7C»fi?*fcl±K<b»»A<fi#8t< . * f>l-#S1±A< 
[0 0 8 2] x^u^t:-^^— h * *i*^fc^7Km» 

ssni. %%iitLtz&mnmzziLx&7tft%i£ixizWi 

UttK$»-o?iJ^A<&i)A<, B4^iA<iBi< (3 9"C~40 
°C) *5&*<B;^fctf>, »BsfcA</h£< #SfM»OT=;*m 
?feT'li^[Sl#T5fe-So x^u>73 — Hcg^-r-S 
m2<7Jfg(«l±;l^i§<«^SllEx^L,>*-7K*- K J: y 

»AM 8«T(»g2©ill (fcf£U X^U>*-tf* 
-K<©K-7--3SI±1 6. 4) ^ffl^^ctlcfcyfrlBx 
^ L> ^ 73 s A< y 0 A -< * > I- M Ciitttft 

•5. 191Em2 0)jSJ«(»K^— a* 1 8JJlTlc-r-5 

Cirlz^oT. K<b«-»ai4A<y^'t7AmiSI~*tLT4 

[0 0 8 3] «diam2Qfl)jg!«i: LXI*. «fl*l*i>>^ 
7U73— 7^^.— H (DMC) , i?X^;U73— 7^*— h (D 

EC) , T'neuvA-^-h (PC) , r-7^a 
77h> (r-BD . T-bhxt»u;u (AN) , WfM 
x^;u (EA) . HUX> % ^-->H/*fctt. 
;u (ma) Kif&m-f f.+i^. c*ic,<om2rojt«ii, 

*i=, mt&mzmo^mtfi— a*<i 6. suit 

■Cfc*Ci:A<«ty»*L^. 
[00 8 4] WIBm2iSj«Oiteaii, 2 5°CI=fcl^-C2 
8mp^aT-e&•i)C^:A<»*LL^„ BUIB;I^jS!«*a)BU 

iex^u>73-^^- hnmsmt. wmitmxi o~ 

8 0%T?^^i/i<»$LU. coesfflSiSStt-r-Si:. 

«T-r*s^<$.-5. <fcy»*L^fiffix^u>73-7t? 

*- ha)E&lii»ait*i? 2 O ~ 7 5 %1?ft4. 2M< 

fgj«*a)x^ u>73— hroae^a* 2 o{*»%ja 
±i-iS«)^ c 1 1-* y x^ u>73-#*- ko> y 



(10) 
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[008 5] B(riB;S^««<D«ky»*Ll^fflJlfcl*. EC 
i:DMC, EC^PC^DMC, ECtDEC, ECt 
PC^DEC, EC^r-BLtDEC0;I^Mt\ 
DMC*fcl4DEC<D{*»lt*te6 O <H>\ckT t~f Z. t 
^»*Ll^ 0 C(D^:5fCD EC0tt$S6 0%1UT. £ 

$ l/ft if (7>x— ^;u!S * 3 0 {*a%J5AT»M L T t £ 
I*. 

[0 0 8 6] HilE;S£?8« (JMcStt) 
ft**l*i:LT«\ Vttillftlbtt (ffX.I*?U 

^— ;ua. 7";uu— ;Mg, *;U7K>&!S) ttfc*A<*if & 

*»/«U *aaMttft«a*$i*«t<D£*;l&*i 

*438*u&<fc*. (6 0°CiU±) 

3***1*:: fcj&<»*Ll\, 7K#fi50 PP 
mlUT, *r«jfi»fb«!ll* 1 OOO p pm&LTXfoiZt 

[0 0 8 7] Me***MA(c**s|t«*MK£:Lr 
I*. fliUfi»tMHftU?4Zi (LICI04) 

(L i BF4 ) % A7?1bttX'J^/t (L i A s F 

6 ) . hU ^;u^n>^x;u^>Ky (l i cf 
3 S03) , exh'J7^a>f/^UtwM5 K 
•JfJA [L i N (CF3 S02 ) 2 ] ftifCD'J^A 
« («#ft) ftUElf&tlft. i PE6 • LIB 

F4 . LiN (CF3 S02 ) 2 *IHL**<D*<»* L 
I*, ttlc* LiN (CF3 S02 ) 2 Sffl^iiMB 
(0q*l*6O o C) -CO)iE«a»H4:COS*3&<*<K, S 

«rEi»*JM(ii=»LT«3E-c*y, *-f* 
7k*»f=»-r**i»*i*^ o. 5-2. o*;u/ifc-r 

[0 0 8 8] 

[JtlKfl] BIT* *^^OH«fi^Sm2iLfz0l *»■ 

L-cmcmm'rt. 

»Mi 

*?\ U?*Aa/tJUhlfcfl:fe (L i x C0O2 (o. 
8^x^1) ) «*9 1li%$7-l!f L/>^7«^ 
3. 511%, ^777^H3. 5m*%5t^X^U> 

T^lcS^U (3 0 /im) JRatfrKS 



[0 0 8 9] *fc, teflSfi (§fi8 00 0 ppmia 
T) 5»tf^^*W»4: Lfc3-^^*T;u^>»Hft 
T. 1 0 00°C-eK*fcLfc», ¥l$ltg4 0/im, ft 
JS1 -8 0*/m-C9 ottawjOTWE***?!::. aft^ott 
SO. 5jfm£lT0>tt7>€d>ft< (5%£IT) 
lC»«l=»»Lfc«. JtSTT?3 0 0 0°Clcr»«S^b-r 
h C t IC* y «f£S1& £ SiS L fe 0 

[0 0 9 0] a&*lfcttXX«i. 7«ttS4 0/lmO> 
IR»<ba*»*T*fcy. )KS^tM-80//ml:90 
{*»%Ja±a<??« U tt&tfO. 5iUmiaTC753KT-(D3& 
«»W4 0(*«%-Cfc-Dfc. N2 tfXKSBETjJdj: 
£ttg®«f3\ 3m2 /gtjfcofc. »*(7>^ttli. 3? 
07^tttfcof: 0 x&HSrfc^a&jgtt (P101 /p 
100 ) 0>m*3. 6Xt>-otz 0 d002 I** 0. 3 3 54 
nm % Lcli4 3 nm, La(i4 3nmt\ La/Lc 

MiJkO (10 1) li]Sfe-^aiJS<DM:(io. 4Tfco 

fco *fc«*»»*0>ttJt<D*#*(*. 1 0 0 p pmi$Jl 

T-ea&ofc. f^ft, &i£tf>$wai* iooppmia 

T\ gJRCD^*¥fi 1 0 0 p p miUT, F e . N i l£&* 
1 p p m"C?fcofco 

[o o 9 1 ] m%dtzim&fa9 6. 7ia%*x 

■feJUP— XI. 1li%^l:I^L, d*i££«(*<i: 
Lt©«»cJKtL, KJ»-r*c:i:l=*yiia*ft«L 

[0092] miEjEa. 7Kyx^u>«*fl.H^-f 
£ <t £ -tr / < * <*: mjiE^B £ -t *i ^*i c (d mm 
-e»lLfc», «Efta^narztta-r«j:?rc»«« 

«lc«B LT «a»*ff« Lfc. 
[009 3] A7-;ft'J >l'JfW (L i P 

F6 ) $Xfb>*- 7tf*— h (EC) <h^Pt°U>^ 
— **— h (PC), (DEC) 
OldSK (;l^i*»lt^4 0 : 3 O : 3 O) iZ 1 . 0 

wissLt iMcaas *na l fc . 
[0094] meaaB&WEaffitt&xx^uxa 

O^ISR15ttSISrtl^^^^+tilX^LT|1J^Lfriai (r 
Hiffi^J2 

JRftLfc*. ¥l$ltt@1 5//m. 3fiSl-80i/mt*9 

oi*a%^»a-r*«fc5rc. A>o«go. sjt/miaTco 

****ft< (5%J21T) ft**5l=a«f=»*Lfc. 

•^<d». jc^t. 300 o°ca>ffla-ca«iaL"catt<b 
f * c 1 1= J: y a*jt%$fiit l^o 

[0 0 9 5] »&*Lfc«aa»I*, Tftttil 5/imd) 

aaibaaax-efty, 3es^*r*i-8o^mfr9o 
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£fcta®«7m2 /g-Cftofco tt3R<D»#l*. &vtv 
feofco XJSIs39Tir^^5*JSlt (P101 /P100 ) 
tt2. 6t*of: 0 d002 1*0. 3 3 5 7 nm. Lett 
4 5nm. Lali58nm"C, La/Lclil. 29U 
fcofc. fcfc. SS<*AX£A£a%6> (10 1) ElSf 

tf-*&ga>ittto. 5-e*ofc. *fc. »3tJti&*a> 

ffiHtf)£*r*tt1 0 OmmplUT-eftofeo *<Dtt, K 
1 0 0 p p mfilT* §*a>$*r*tt 1 0 0 m 

mpJSTF* F e % N i tt** 1 p prnt?fcofr 0 
[0 0 9 6] imft*M*ffilt-CJtlM1 1 

[0097] ^ffiW3 

900 °cT*ft^jk Lfc^;7i-xe v Tmstmmm <d 

»*Att. W«iS3 0/im, ¥i5)«lig7^m, N 
2 #X**BETj*lcj:*ttM»5m2 /g. flUte 
1 6 0 0 p p m, St^^^^ 200ppm, Feli 
5ppm, Nili3ppmt?, X fclaJSrl:: £ 
(7) (0 0 2) [HlSTfc?— <7ttO. 361nm, L c (4 1 . 
4 n m % Latt3. 9 nm"Cfoo/= 0 
[0 0 9 8] 3 100°CT?^tLf:>V7i-Xt^ 

ttSl 2jJm. N2 flXftlBETaiCcfcSttMS 
3. 8m2 / g> Sf^t$1 OOmmpOT, 11$ 

S$10 0mmpiaTt\ X tftHVHC J: ««iBttl£0> 
(0 O 2) [sltfr tf— ?tt 0. 33 65 nm. Lctt37 
nm, Lafi67nm, P 101 / P 100 I* 2 . 3"Cfco 

[0 0 9 9] MIEt»*A<tmiH»*B^M*li:-ei : 2 

i*fcisirt. mmm tBW-cwaLfcBBi f=»-*-n«» 

[0 10 0] 8S16«4 

1 0 0 0%lf«HIMbLfcj< V7i-Xe7fSK*«lt 
OD&ifcAtt. ™«ttS3 0^m, ^««S7//m, 
N2 *XflR*BETffiI=«k4it«B«5m2 /g, fit* 
1 5 O O p p rru S^^^^ 1 O O p p m. Fe 
l±5ppm, Nitt3ppmT?. X !9[l]«ffCj: ^HfS** 
jg<B (002) (H)Srt o -^(40. 360nrru Lett 
1. 48nm, L a tt 3 . 4nmtffcof: 8 
[0 10 1] :3-*X£3 0 0 0 o C£U&<bLfcAj&JI$9 
<Dt»^Btt. ¥iSfiS4 0^m, N2 ^SBETS 
l=J:«ttSB«3. 3m2/gt\ B*^¥100 P 
P miUT. gHt$3f ^ 1 O O p p mlUT, F e . N i tt 

&*i ppmT?, xmmmiz&z>m&m&<D (002) 

jHl*f tf — <?ttO. 3 3 5 4 nm/ L ctt4 5 nm. La 
tt6 0 n m"Cfcofc Q 
[0 1 0 2] m&&*At1ft&&J£B£W*tbVl : 1 



i=*yaa*fMLfc. ^**a*fflt^fcjan, mm 

[0 10 3] itKflJi 

tttt'&tzo COM«it»*tt. &Jg#*1~8 0*/m<Z> 
feS<Dt<D^8 5f*a%^SL. Sg^O. 5^mia 
TOtt^CDtt^Ttt 1 0<*»%T*fcofeo N2 iS^MB 
ET;£|Cj:£j±Sffi»tt1 Om2 / g tS)of; 0 XjBIsl 
STlzJ:<5$£gtt: (P101 /P100 ) tfHItt* 2. 1-efc 

ofco d002 t*0. 3 3 5 7 n rru L c tt 3 3 n m. L 
ali6 0nmtftof; fl La/Lcli1. 8 2X&& 0 

SIMItA^SO) (1 Ol) EWrtf-^Sl 
JS(7)i±tt0. 8 5T&ofc<, 
[0 10 4] mri5li«it»*$fflL>TllJg«l ^f^«^^ 

au:j:yiMi*fMHLfc. **4iia*ffli*fcJ2«k n 
jfi«i tw«T«i«LfcBii i^-rnawy^^A^* 

[0 105] it^2 

iB«#*»fc«fcyfta*fE*Lfc 0 A^SJMSJfll* 
[0 10 6] i±«0q3 

0>**fl!l*TSMMn i:MldKjtl:J:yft(ltML 
fc. frfr«Ha*JHl*fcJ2l*k XJKfli £P*§-efiJS£L 

[0107] mztit-mmmi ~4fc£tfj±R0)ji -3 

4. 2 V£Tr3B$f!f]a>3tf|$L. 2. 7Vtt1A(Dn 

m*i§i2ic^-r 0 

[0 1 0 8] B2fr&E&frft«fc3f3*3BilS«1 ~4 0> 

[0 10 9] -2f % a»»a>S»3llrL i N (CF 3 S 
O2 ) 2 *«L^TW«ttlMB*{T-Dfci:C5. 

^^/j<Hffi«y 1 - 4 cfc y t gi*:: t A<«B*ttfc 0 

seises 

*r, 'Jf)Aa/<j^»ft» (Li x Co o 2 (o. 
8^x^1) ) »*9llf%j7tfb>^7'^ 

3. 5ii%, v^^-r* h3. 5ii%&i;ifi/> 

r^|C;l^»L. 7;U5-^AfS (3 0//m) «a«:fz^ 

^Lfc^. ?u;vr*ciic£yiEa*#»Lfc. 

[0 110] (^t8 0 00p pmia 
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T« 1 0 0 0°C-e8tm\tLtzm.. sp«Di&S2 Ojum. $ft 

n ~8 ojum-e9 o<*a%A<#fi-r-5«t ; 5i=. 
io. 5 wmja~F<oii& : y-£'>fc< (5%iaT) 

o°c\zxm«nt-rz z t ic<t y stmnviz&m. ut. 

[0 1 1 1] SC,Hfcflt*Hfel±. ^fi§2 Otfm© 
BET}HzJ:^a.mmm{t. 3m2 /g-C?fcofc. t»3fc 

rojKttii. Sttt-efcofc, xtgEUriCcfc^sstk (p 
101 /P100 ) Wfil(43. 6-efc-3fco d002 i*. o. 
3354nm, Lcl443nrru L a IS 4 3 n m"C, L 

StAMIffl (10 1) El^tf— 57&Jg0>tbl4o. 4 
t-feofc. *fc^lRm^*(D55ll(0#W*l±, 1 OOp 
pmJilTT'fcofco -E-Ote. KfgO^«l*1 OO p p 
mlsTF, g*0>£3ll4 1 O O p p mKlT. F e , N i 14 
1 ppm"Cfcofc. 
[0 1 12] 3U*T?, ffltiZmmnWlQ 6. 7H%$X 

•fe;t,p-*1. 1 aa%t*(C;g^L, C*L^JSS«:i: 

fc. 

[0 1 13] MSSIEffi. ,fiJiyU>8#fl.S7^M 

[0 1 14] £e>lz. A7-v1b'J I'M'JTOJ* (L i P 
F6 ) SifU>*- h (EC) i^Qt?t/>* 
— tK*— h (PC) . 5?iffl-*- tK*— l» (DEC) 
<0;1^jg«E (;I^tt«tt2S4 0:3O:3O) l= 1 . O 

[0115] BUffiSffisi&imsespfcsxT-^u^ii 

«)**H««Mrtl=**t**i*l«lL-C«ri8LfcH1 l= 

;^>81IT. 1 0 0 0°C-C?g|3R<bLfc^, 7**11 
Sl5(im, &8M ~8 0#m-C?9 0<*«%A<?F£-f.5 
£51-. fro&go. 5 0mJsTF0>%?-$d>ft< (5% 
JUT) tt«*3l=9flEl::tMtLfe. *<D&. TJU=fS/S 
B91T, 3 1 00°C<D;gST?J»«iaL-Cll»<b-ri>Ci: 

ttUKS i= t$ it * be is) mmm # -c s> o /= . 
[oi i6] ^ctifceuga^ii. wsmtsi 5dm 

a>JM&4btt*tt *-C fc y , n&^V 1 ~ 8 0 pi mtr 9 
0{*W%Ja±A<SttL, ttg*<0. 5 j/miaTCD*a^<7> 



#*I41 «:a%-efcofc„ *fcN2 #*ll&5&BET;4lC 
J=ShbaS»4m2 / g 7?fcofc. tftSgOHBttll. 
ig©tt fl«3T!*4Wlt*ofc. 

STic«kS3iJStb (P101 /pioo ) ©<II42. 6-efco 

tzo d 002 1*0. 3 3 5 7 n m. Lcli45nm, La 
l458nmT?, L a / L c 14 1 . 2 9t&ofc, iSJj, 
affittSSArATJii&OT (10 1) EI*rtf-9iME01t 

1 OOmmpiamofc. -tOTte, 1 O 

OppmlUT. Stffl^tllil OOmmpElT. F 
e, N i I4&* 1 p pmtJilfc. 

[01 17] mi&oimiutoim^xmmwsbmmzij 

[0 118] 

300 o°cv^&it Ltz *v?x.-xtf vTmstmmm 

A 14. ¥3)lftt£4 0((m, ^ISjiBMtg 7 m. 
N2 ^^KStBETJilCfc-SitaafllSmS / g . ftft 
^*T^ 1 600ppm, S*#** 200ppm> Fe 
Ii5ppm, Nili3ppm1?, X^IalSfl=;J:-5*a)« 
JtCO (0 0 2) BUrtf— *I40. 33 7 5 nm, L c 14 
30nm. Latt6 0nmfftofe. 
[0 119] 3 1 0 0°C-C«US1bU »5W*Ctl=J: 
y»&*lfc53Sa— ?*<Dt&3|£Bf4. ¥«3lig6*/m. 
N 2 #*«»BETSC:**Jt»BW9m2 / % <!>WK 
«»5fe-C*y. ttft«**1 0 0 mm pUT. &i!i#*r 
*1 O OmmpJilT-e. X^BSrlCfe-SlliaflljtCD (O 

0 2) HSrtf— ?I40. 33 58nm. Lcl46 0n 
m. L a 141 2 O nm. P101 /PlOO '4 2. 5ffco 
fc. 

[0 12 0] fJSatamAtfISEt»3RBSSSibt?4 : 1 

(=«* LT»fcKt*Kito*mvC!tlM! 5 * n«««& 

[0121] HJ6^)8 

300 o°c-emisLfc^ v^i-xe-y^sftu, ^ 

«3!Kt1l2 0(im-C*&®frP>1 ~5 lim<Dl¥*<7)*aa*< 
K<b»***iT7> J 5JB*»ttLfctro-efc4. 
iWEjt V7x— Xe9?*3*ftl±N2 ^xqRJSBET* 
!=J:SitSffi«*<5m2 /g. ttltt**«<2 00pp 
m, S3R^^^A< lOOppm, Fol4 5ppm. Ni 
(43ppm-e. X«BI8fl=J:«jMMItjfta> (0 0 2) HJ 
Sftf— ^7140. 3 365nm. Lc(460nm s L a 14 

1 00 nm. X&\3lVHz<i:&&mit (P101 /PlOO ) 

(42. sro^ttajnta^-e&So 
[0122] mris!Ma<bi&) (a*H») Sfflt^rigjsw 
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Co i 23] itrnm* 

^««tt«?«ttS 6 ju ml£V®&+ £ Z tlZ& y 

O^mroseSO)*©*^ 5 U *&&;!><0. 

5 WmiilTOtft^<D»^l±5tt:»%TC?&ofc <> N 2 
K»BET;SlC<fc^ikSaWl*1 Om2 /g-Cfeofco 
XjS@Srlcj:55iJSii: (Pioi /Pioo) 3. 
6-Cfcof-. d002 1*0. 3357nm, LcU60n 
nru L al±1 2 0 nm-Cfc-afco La/Lcli1. 82 
T?&£o fcfc. KiBttaS&ft£AS0> (10 1) (Hl»T 

tf— fSiSrotfciio. 8 5-cfe-ofc. 
[0 12 4] BirffiH«St»*Sffl^-C§?iS^5i:l^«^^ 

&i~<fcyftti£flFi!Lfco a^*©«£ffli.*fcia*k H 
mm 5 1 f^«-c*ifr& l fcm 1 i=^-r RfSJB y a-;* 

[0 12 5] it&0l|5 

fflt^T3isi6W5i:^^a5ic < i:yma$-tifSSLfc. * 
(-^•r rshk y * -7 a * x tz . 

[0 126] it&«6 
tz„ *fr«Jl8$/llltfel2Lft. 5IJifi>l5i:^fi6r-fI^L 

fciai ic^-rRfSJBy^^A-^gHfe^iisi^jSiTfc,, 

[0 12 7] *#£ftfcH;fc0H5~8fc«l:I/Jt&0!l4~6 
(0 'J A-^^JfelC-DLvT , ?ESm3it4 O OmA-t? 
4. 2 V*t?3^ra<J33Em*L. 2. 7V*t1 Atf)/\ 

-ru— hsaiE-c-»«-r^3t)fta*Miyisuft^. «m& 



s*H3<c^-r. 

[0 12 8] 03fr£E£frfc<fc?l::*|git0q5~80> 

y^^A-^ajft-cii. tt««y4~6(oa?teizj±-<r. 

[0 1 2 9] a®«roS<gSI= L i N (CF3 S 

02 ) 2 Sffll^WjMSfTof:i:C5, 
^A<HJSW5~8 J:y *Sl*::fcjWtB*:h.fc. ft 

is. itriHUJfiweiiRjg^y^^A-^ajteirjafflLfc 

J¥ -C«»»B Ltzf&mz LX t <fc l^o 
[0 13 0] 

tsiE* n #r * c t *«>riiifc y A-^m** ^ 

[Bffi©«*ftKSB] 

[@i] ^fusi-^^Ria^y^^A-^m^s^-r 

[02] SltAl ~4«J:tftUMI1 ~3©y*->A- 

[03] IIJS«5-8fcJ:t;ikK«4~6©y^^A^. 

*«tt0. 
[##<*> l&W] 

1 -SS. 3-*«». 4-IEffi, 6 8-itn 

So 




[02] 
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